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ABSTRACT
Large river ecosystems can support a complex network of tributaries that provide optimal
habitat for fish reproduction. Anthropogenic alteration of rivers and tributaries has been shown to
have adverse effects on river fish communities, but few studies have focused on the effects river
regulation may have on the reproduction of native suckers (Family Catostomidae). In this study, I
evaluated differences in biotic and abiotic factors associated with catostomid reproduction between
tributaries of an altered and free-flowing river. I conducted ichthyoplankton sampling using drift
nets and larval push nets in tributaries of the Illinois River, which is regulated for navigation, and
the lower Wabash River, which is free-flowing and not used for navigation. I sampled three
tributaries of the Illinois River (Mackinaw River, Sangamon River, and Spoon River) and three
tributaries of the Wabash River (Little Wabash River, Embarras River, and Vermilion River). I
collected catostomid larvae from each system twice each month from April until September during
2016 – 2018. I analyzed total relative abundance, catch per unit effort (CPUE), and trends in abiotic
variables such as discharge, water temperature, gauge height, dissolved oxygen, pH, and
conductivity between the two systems. I also created multiple logistic regression models to
determine which variables increased probability of sampling catostomid larvae. For all sample
years, the Wabash River tributaries contributed more catostomid larvae than the Illinois River
tributaries. My results indicate that the Wabash River system is more influenced by gauge height
and water temperature whereas the Illinois River system is more influenced by dissolved oxygen
and discharge. Within each system, the tributary that had the highest discharge levels also
consistently had the highest number of catostomid larvae. Multivariate analysis of variance also
revealed that there was a significant interaction between tributary and all abiotic variables. With a
few exceptions, I found that mean CPUE of larval catostomids was greater with larval push nets

than drift nets. Drift nets were still an effective gear for sampling and should be continued to be
used to collect larvae, especially in shallow habitats that preclude the use of larval push nets. The
multiple logistic regression models showed that increasing discharge and water temperature
increased probability of larvae capture for the Illinois River tributaries. The model for the Wabash
River tributaries had all variables except discharge as significant variables for increasing
probability of larvae capture. Overall, my results indicate that there are differences in water quality
and catostomid reproduction between the Wabash and Illinois River system. However, specific
tributaries contribute the majority of larvae to each system. Assessments of catostomid
reproduction should target tributaries in each system with the highest discharge values and use
both gear types to effectively sample larval fishes across tributary habitats.

INTRODUCTION
Large rivers and their complex network of tributaries are essential for the success of
riverine fish communities. Riverine fish are the most vulnerable to mortality during early life (i.e.,
at the larval stage) due a variety of restraints such as fluctuations in the environment, predation,
and the inability to reach suitable nursery habitat (Feng et al., 2018; Humphries and Lake, 2000).
Riverine fish often use tributaries of large rivers for reproduction (Da Silva et al., 2015; Cowx and
Welcomme, 1998). Tributaries can provide optimal spawning grounds in more shallow, slower
moving currents, they provide suitable nursery habitat that offers protection and a post-endogenous
food source, and they allow demersal eggs to develop before recruiting to the main river (Lechnet
et al., 2013; Pollux et al., 2006).
Larval fish depend on the complexity of habitat and environmental variables found within
tributaries; however, this complexity can be degraded when mainstem rivers are impounded
(Humphries and Lake, 2000; Auth et al., 2011; Beoing and Duffy – Anderson, 2008). River
regulation affects fish migration, overall fish diversity, and the functional relationships within fish
communities (Humphries and Lake, 2002; Bunn and Arthington, 2002; Hesse et al., 1995).
Impoundments also indirectly affect tributaries feeding into the system by reducing the water
velocity and depth of tributary mouths (Brown and Coon, 1994). To measure the influence of river
regulation on fish reproduction, studies are often conducted at the scale of mainstem rivers, and
not their tributaries. Because of this, few studies compare factors associated with fish reproduction
in tributaries of both an impounded and un-impounded mainstem river.
The Illinois River and the Wabash River are two large rivers in the central United States,
that are similar in size, and that contribute to the Mississippi River. The Illinois River is regulated
by a series of locks and dams for navigation whereas the lower Wabash River is unregulated and

‘free flowing’ (Gammon, 1998; Koel and Sparks, 2002). These two systems differ greatly in their
functionality and hydrology, but support similar fish communities (Pritchett and Pyron, 2012;
Pyron et al., 2006; Cao et al., 2019; McClelland et al., 2012; Pegg and McClelland, 2004). The
Illinois River has fluctuated in community composition and species richness overtime but is now
experiencing rapid growth in nonnative species with the introduction of Asian Carp (McClelland
et al., 2012; Pegg and McClelland, 2004). The Wabash River has also experienced fluctuations in
community composition and species richness, but the overall fish abundance within the system
remained relatively the same; however, there has been a shift in food web assemblages due to the
introduction of Asian Carp (Pyron et al., 2006; Broadway et al., 2015). Studies on the tributaries
of the Illinois and Wabash rivers see if they reflect the differential alterations that have occurred
through time between the mainstem rivers are lacking. Therefore, the information about fish
reproduction and the larvae in the tributaries of these systems is limited, especially for non-game
fish such as catostomids.
Catostomidae is the world’s third largest freshwater fish family and comprises around
eighty recognized species (Harris and Mayden 2001; Warren and Burr, 2014). Catostomidae often
contributes to the majority of biomass in lotic systems throughout the Midwestern United States
(Catalano and Bozek, 2015; Reid et al., 1994). Catostomids rely both on mainstem rivers and their
tributaries for reproduction and the survival of their larvae (Jacquemin and Doll, 2015; Quist and
Spiegel, 2012). In Illinois, there are 21 species of Catostomidae found within 8 different genera
(Page and Burr, 2011). Of these species, two are listed as state threatened, River Redhorse
(Moxostoma carinatum) and Longnose Sucker (Catostomus catostomus) and one is listed as state
endangered, Greater Redhorse (Moxostoma valenciennesi) (Illinois Department of Natural
Resources). Catostomids, despite their importance in the riverine system, are typically not the

focus of research in Illinois (Cooke et al., 2005). Catostomids are important prey for piscivores, a
food source for humans, hosts for freshwater mussel glochidia, and are used for aquatic
biomonitoring (Catalano and Bozek, 2015; Reid et al. 1994; Moyle, 2002; Kneeland and Rhymer,
2007; Schmitt et al., 1993). Overall, catostomids are understudied and understanding factors that
affect their reproduction is important for their potential management.
Upstream movement for the purpose of reproduction is a trait embedded in most riverine
fish. All species of Catostomidae in rivers of Illinois make some form of upriver movement, both
in the main channels and tributaries, for reproduction (Warren and Burr, 2014; Piller et al., 2003;
Page and Johnston, 1990). Catostomids, like most lotic fish, use environmental factors as cues for
spawning (Tornabene et al., 2020; Piller et al., 2003; Buynak and Mohr, 1978). Multiple studies
have found that increases in discharge and water temperature are common factors associated with
spawning (Brown and Coon,1994; King et al., 2016; Toranbene et al., 2020). Rising discharge
levels typically indicate floodplain inundation and increased water oxygenation, which is
important for embryo protection and development (Lechner et al., 2016; Feng et al., 2018).
Temperature is vital for reproduction because it signals when a fish should start preparing to spawn
and certain temperatures are required for egg incubation (Warren and Burr, 2014; DeLonay et al.,
2009). Impoundments affect the hydrology of the river which in turn affects these parameters that
fish rely on for reproduction. Therefore, further research is needed to analyze if mainstem
impoundments are also affecting the hydrology and reproduction within the tributaries.
The focus of my study was to analyze the similarities and differences in abiotic parameters
and catostomid larvae between the tributaries of the Illinois River and Wabash River over a threeyear sample period. My objectives were to assess patterns in 1) relative abundance and catch per
unit effort (CPUE) between sample year and river system, 2) abiotic trends between the tributaries

of each system and 3) modeling approaches fisheries managers can use to inform sampling of
larval catostomids. I hypothesized that the tributaries of the Wabash River would produce more
catostomid larvae due to the mainstem river being un-impounded, allowing more successful
reproduction. I also hypothesize that the tributaries in each system with the highest discharge and
warmer water temperatures will have a higher number of catostomid larvae collected.

MATERIALS AND METHODS
Study Area
I sampled a total of six tributaries from 2016 to 2018 (Figure 1). I sampled three tributaries
of the Illinois River (Mackinaw River, Sangamon River, and Spoon River) and three tributaries of
the Wabash River (Embarras River, Little Wabash River, and Vermilion River) twice per month
from April until September of each year. I sampled each tributary in three different locations which
was denoted as a lower, middle, and upper site. The lower site was located a minimum of 100
meters upriver of the tributary mouth to ensure the larvae collected were drifting from the tributary
itself, not swimming upstream into the tributary from the mainstem river. I selected the middle and
upper sites based on equipment accessibility. For each tributary, there was a 10-river mile
minimum distance between each sample site.

Sampling & Laboratory Techniques
I collected larvae using two different types of gears: ichthyoplankton drift nets (passive)
and ichthyoplankton larval push nets (active). Drift nets are boat independent while larval push
nets required attachment to the bow of a boat. Drift net openings were 0.25m x 0.45m with a 1.0m
500µm mesh net whereas larval push net openings were 0.5m in diameter and had 3.0m of 500µm
mesh net for filtering water and collecting drifting larval fishes. At each location, I submerged
three drift nets across the width of the river channel to collect drifting larvae and eggs. Floatation
devices on either side of the drift net kept the opening right below the water surface while an
anchor was used with each net to secure its place while collecting. To standardize the amount of
water filtered through each net, set time was dependent on the surface water velocity taken by a
HACH flow-meter. At the lower location of each tributary, I used three push nets along with the

three drift nets. To expand on sampling from previous years, in 2018 I used push nets at middle
sites if depth of water was adequate, a minimum of 1.5 meters, and boat accessible. Larval push
nets consisted of a five-minute transect upriver on the left channel, mid channel, and right channel.
An attached General Oceanics flow-rocket on the opening of the push net was used to determine
the volume of filtered water for each run. The goal for both gear types was to filter 50m3of water
per net for each sampling event.
At each sample site, I used a handheld YSI multiparameter meter to record water
temperature(°C), dissolved oxygen (mg/L), pH, and ambient conductivity (µS/cm). I recorded
river gauge height (m) and discharge (cubic meter per second) daily means from a United States
Geological Survey (USGS) water station the day of sampling. Not every sample site had a USGS
station within a couple mile distance; therefore, I selected the nearest USGS station on the tributary
being sampled to best represent the sample site.
I preserved sample contents in 95% ethanol which were then taken back the laboratory for
sorting. After the samples were free of debris, I separated larvae from juveniles and eggs. To
distinguish larvae from juvenile, I identified the presence or absence of a median fin-fold on each
individual (Auer, 1982). Using a microscope, I identified all catostomid larvae using taxonomic
guides from Auer (1982) and Chapman (2006). Due to morphological similarities between species
that early in their life history, I could only identify catostomid larvae to family taxonomy.

Statistical Analysis
I conducted all statistical analyses in R version 3.6.0 (R Core Team, 2019). I calculated
catch per unit effort (CPUE) for each gear type as larvae per 100m3 of water filtered

(larvae/100m3). To calculate the amount of water filtered with a drift net, I used the following
equation:
𝑤𝑎𝑡𝑒𝑟 𝑓𝑖𝑙𝑡𝑒𝑟𝑒𝑑 (𝑚3 )
= 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑑𝑟𝑖𝑓𝑡 𝑛𝑒𝑡 𝑜𝑝𝑒𝑛𝑖𝑛𝑔(𝑚2 ) × 𝑤𝑎𝑡𝑒𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦(𝑚/𝑠)
× 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 𝑜𝑓 𝑛𝑒𝑡 𝑠𝑢𝑏𝑚𝑒𝑟𝑠𝑖𝑜𝑛 (𝑠)
I processed the amount of water filtered by larval push nets using a General Oceanics flowrocket and the following equations:
𝑊𝑎𝑡𝑒𝑟 𝐹𝑖𝑙𝑡𝑒𝑟𝑒𝑑

(𝑚3 )
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Because I calculated volume filtered using two different methods depending on the gear, and one
gear was active versus passive, CPUE could not be standardized between gear types. To assess
differences in catch rate between tributaries through time, I calculated an annual average CPUE
for each tributary for all three samples years.
I created a principal component analysis (PCA) biplot to show the amount of variation
present between variables while also visualizing the relatedness between the two systems; this was
followed by a multivariate analysis of variance (MANOVA) test. I combined all sampled
tributaries of the Illinois River and all tributaries of the Wabash River to assess broad patterns
between the systems and sample years. The number of principal components included in the
analysis was based off of Kayser’s Rule stating that any eigenvalue above the value of one should
be included in the analysis (Jolliffe, 2002). I Log10 transformed all variables except water
temperature, dissolved oxygen and pH due to skewness in the values; any noticeable outliers before
analysis were also removed.

I used a MANOVA to test for an interaction between tributary and sample year on the
dependent variables (water temperature, dissolved oxygen, conductivity, pH, gauge height and
discharge). I assessed the Wilk’s Lambda criterion for significance. I used all significant
interactions in the MANOVA in a series of univariate analysis for the response variables. Due to
size and variability within the data set, I analyzed skewness and kurtosis values along with residual
visualization to assess normality and variance for each variable. Despite some variables having
equal to or above recommended values for skewness and kurtosis residuals, I decided to leave all
variables in the MANOVA because of the sample size. Also, I combined all three years of abiotic
data and utilized multiple Kruskal-Wallis Test’s followed with a post-hoc Dunn’s Test with a
Bonferroni correction to look for significant differences between the tributaries in relation to water
quality.
Finally, I created multiple logistic regression models to assess which variables acting
together should be used to predict the probability of presence or absence of catostomid larvae
between the two systems. I checked both models for multicollinearity based on variance inflation
factors (vif). The variables included in the models were: discharge, gauge height, water
temperature, dissolved oxygen, pH, conductivity, and adult catostomid CPUE from the main
rivers. Adult catostomid CPUE data was collected from the long-term electrofishing monitoring
program (LTEF) conducted on both the Illinois and Wabash River from 2016 - 2018. Adult
catostomid CPUE included adults sampled only from the mainstem portion in each river, not side
channels or backwaters. The average annual CPUE (fish/hour ± standard error) for the Wabash
River was 22.08±1.74, 19.61±1.65, and 16.27±1.55 for 2016, 2017 and 2018, respectively. The
average annual CPUE (fish/hour) for the Illinois River was 16.08±1.58, 16.30±1.83, and
14.17±1.58 for 2016, 2017 and 2018, respectively.

RESULTS
I collected 2927 catostomid larvae across sample years and gear types combined. Between
the two systems, the total amount of catostomid larvae collected was higher in the Wabash River
tributaries when compared to the Illinois River tributaries for all sample years. The tributaries of
the Wabash River (Little Wabash River, Embarrass River, and Vermilion River) contributed 2193,
433 and 94 catostomid larvae during the 2016, 2017 and 2018 sample seasons, respectively
whereas the tributaries of the Illinois River (Sangamon River, Spoon River, and Mackinaw River)
contributed 100, 30 and 77 catostomid larvae during the 2016, 2017 and 2018 samples seasons,
respectively (Table 1). From the total amount of catostomid larvae sampled in the Wabash system,
the Little Wabash River contributed 92.8% (n= 2525), the Embarras River contributed 3.7% (n=
101), and the Vermilion River contributed 3.5% (n= 94). From the total amount of catostomid
larvae sampled in the Illinois system, the Sangamon River contributed 75.9% (n= 155), the Spoon
River contributed 10.6% (n= 22), and the Mackinaw River contributed 14.5% (n= 30).
Average CPUE (number of larvae per 100m3 of water filtered ± standard error) for drift
nets in tributaries of the Illinois River for 2016, 2017 and 2018 was 0.15 ± 0.053, 0.14 ± 0.047 and
0.204 ± 0.054, respectively whereas the average CPUE for drift nets in the tributaries of the
Wabash River for 2016, 2017 and 2018 was 3.4 ± 1.1, 2.1 ± 1.1, and 0.42 ± 0.11, respectively. For
all sample years, the Little Wabash River had the highest drift next CPUE between all tributaries
whereas the Sangamon River had the highest drift net CPUE for the Illinois system (Table 2; Figure
2). For the larval push nets, the average CPUE for Illinois River tributaries for 2016, 2017 and
2018 was 0.54 ± 0.21, 0.70 ± 0.32 and 0.74 ± 0.19, respectively whereas the average larval push
net CPUE for Wabash River tributaries for 2016, 2017 and 2018 was 11.4 ± 5.5, 0.49 ± 0.21 and
0.59 ± 0.21, respectively. For all sample years, the Sangamon River had the highest larval push

net CPUE among Illinois River tributaries (Table 2; Figure 2). However, there was variability in
larval push net CPUE between sample years in the Wabash River tributaries. For 2016 and 2017,
the Little Wabash River had the highest larval push net CPUE whereas for 2018 the Vermilion
River had the highest larval push net CPUE (Table 2; Figure 2).
The PCA’s revealed distinct patterns between system and sample year. The first two
principal components combined explained 67.8% of the variation in the ordination. Principal
component one, PC1, explained 39.9% of the variance with discharge and gauge height being
positively loaded while conductivity and pH were negatively loaded onto the first axis (Table 4).
Principal component two, PC2, explained 27.8% of the variation with water temperature positively
loaded and dissolved oxygen negatively loaded on the second axis (Table 4). Although there was
overlap among the data points between all three sample years, there was a noticeable distinction
between the two different systems based on their 95% confidence ellipses (Figure 3). For 2016,
tributaries of the Wabash River were associated with PC1 whereas tributaries of the Illinois River
were associated with PC2. For 2017 and 2018, there was more blending between the principal
components for both systems but a still distinguishable pattern. When looking at the direction of
the ellipses in relation to the abiotic variables the Wabash River system was more influenced by
gauge height and water temperature while the Illinois River system was more influenced by
dissolved oxygen and discharge (Table 2; Figure 3).
The multivariate analysis of variance (MANOVA) test revealed that there was a significant
difference (p<0.0001) between the sample years, tributaries and the interaction between sample
year and tributary (Table 3). Furthermore, each univariate test indicated that there was a significant
difference between the average mean of each abiotic variable in relation to the tributary, sample
year, and the interaction between tributary and sample year (Table 3). I looked for differences and

similarities between the tributaries by examining each environmental parameter (Figure 3). For the
Wabash system, the Little Wabash River was significantly different than the Embarras River and
Vermilion River in regards to dissolved oxygen and was significantly different then the Embarras
River in regards to discharge. The average dissolved oxygen in the Little Wabash River was lower
(5.83 ± 0.12) than compared to the Embarras River (8.14 ± 0.10) and Vermilion River (8.08 ±
0.07). The average discharge for the Little Wabash River (73.1 ± 5.26) was higher than compared
to the Embarras River (41.07 ± 3.46) and Vermilion River (30.91 ± 2.05). The Vermilion River
had significantly lower values than the Little Wabash River and Embarras River in pH, water
temperature and gauge height. For conductivity, all tributaries in the Wabash system were
statistically different from each other. For the Illinois system, all three tributaries were statistically
similar in annual average dissolved oxygen, pH, and conductivity (Figure 3). For temperature, the
Mackinaw River (20.88 ± 0.29) was significantly lower than the Sangamon River (22.93 ± 0.30)
and Spoon River (22.75 ± 0.32). The gauge height in the Spoon River (2.07 ± 0.04) was
significantly different than the Mackinaw River (2.58 ± 0.10) and Sangamon River (1.90 ± 0.05).
For discharge, all three tributaries were significantly different front each other; however, it is
important to note that the Sangamon River had the highest average discharge value (68.23 ±4.36).
Using abiotic variables and presence absence data, I generated multiple logistic regression
models to see which variables are important in predicating the probability of catostomid larvae
presence. For the Illinois system, discharge and water temperature were the only significant
variables (p<0.001) in the model and had a positive regression coefficient (Table 5). For the
Wabash system, the significant variables (p<0.05) in the model were gauge height, water
temperature, dissolved oxygen, pH, conductivity, and adult catostomid CPUE (Table 5). Gauge

height, conductivity, and adult catostomid CPUE had positive regression coefficients whereas
water temperature, dissolved oxygen, and pH had negative regression coefficients.

DISCUSSION
I found that differences between riverine systems influenced catostomid reproductive
output consistently throughout time which may be based on differences in environmental factors
between systems and their specific tributaries. Throughout sample years, the tributaries of the
Wabash River collected more catostomid larvae than the tributaries of the Illinois River. I believe
this is due differences in environmental variables between each system as well as differences of
adult catostomid densities in each mainstem river. From long-term electrofishing data (LTEF), the
Wabash River on average had a higher density of adult catostomids than compared to the Illinois
River. When there are higher amounts of reproductively mature adults in the main channel, there
is a higher probability of reproduction in the tributaries (Junk et al., 1989). Although adult densities
contribute to larvae production, what is happening within the system equally contributes to the
success of spawning.
Fluctuations in larvae occurrence have been observed and studied repeatedly in riverine
systems for several fish families (Shaui et al., 2016). However, there are few studies, if any, done
that look at temporal changes in catostomid larvae and the abiotic drivers of their reproduction in
two contrasting lotic systems. I found that each system is dominated by a specific set of abiotic
variables which could be influencing reproductive output. Combining all the abiotic data and then
analyzing each system by year, a distinction was made between the lotic systems; this distinction
allowed me to assess which variables influenced each system. Based off the PCA’s, the Wabash
system was more driven by gauge height and dissolved oxygen while the Illinois system was more
driven by water temperature and discharge. I predict that differences in the hydrology between the
two systems caused this difference between the abiotic variables displayed on the PCA’s. The
lower Wabash River is unregulated by infrastructure while the Illinois River is heavily regulated

and channelized for transportation (Gammon, 1998; Koel and Sparks, 2002). Due to the lack of
hydrologic manipulation on the mainstem river, the tributaries of the Wabash River can experience
rapid hydrologic fluctuations. Therefore, the water levels can vary between high and low quickly
when there is a rain event causing pulses of water levels which create fluctuations in gauge height
and water temperatures (Benke et al., 2000; Poff et al., 1997). Because the main stem Illinois River
is regulated, the tributaries, although still able to rise and fall with a rain event, are less variable in
their hydrograph pulses (Lian et al., 2012; Wang et al, 2013) allowing the system to hold water for
a longer duration creating a sort of “pooling effect”. I predict that the prolonged periods of high
water and less frequent pulses are allowing other variables such as dissolved oxygen and discharge
to have more of an influence on the Illinois system.
To further explore the two systems, I also wanted to look at any differences or similarities
in water qualities between the tributaries. The results of the MANOVA show that there was a
significant difference in the relationship between the abiotic variables (water temperature,
dissolved oxygen, gauge height, discharge, pH, and conductivity) and year, tributary, and the
interaction between year and tributary. Hydrological events are known to be variable between each
year due to a number of outside influences affecting the ecosystem (Woodward et al., 2016; Smith
and Richman, 1993; Halik and Mitsch, 2008). Because this has been observed, the response
between abiotic variables and sample year was expected. However, the significant response of
abiotic variables on the tributaries supports there are more in-depth differences between each
tributary which could affect larvae presence.
Due to the logistic difficulties of sampling and the time specificity of spawning,
fluctuations in CPUE and total relative abundance on a yearly basis was expected among sample
years and tributaries (Koel and Sparks, 2002; Auth et al., 2011; McClelland et al., 2012). Overall,

larval push nets on average had a higher CPUE when compared to drift nets for catostomid larvae
sampling. Previous research also found that larval push nets were more effective than drift nets
when sampling larval fish in lotic systems (Roth, 2018). However, drift nets are still an effective
gear for sampling and are able to reach locations not boat accessible. For both drift nets and larval
push nets, the Sangamon River had the highest average CPUE and total abundance among the
tributaries from the Illinois River for each sample year. Similarly, the Little Wabash River
consistently had the highest average CPUE and total relative abundance among tributaries from
the Wabash River for both gear types with the exception of larval push nets in 2018. Other
tributaries did contribute catostomid larvae but there was a noticeable difference in reproductive
output which is likely due to physical and environmental differences among tributaries
Six different variables were measured and analyzed among all tributaries. However, the
variables attributed to most affect reproduction and showed the most variability was discharge,
gauge height, and water temperature. Among the tributaries of the Illinois River, the Sangamon
River had the highest average discharge, the Mackinaw River had the lowest average water
temperature, and the Spoon River, although intermediate, was significantly different in regards to
gauge height. Among the tributaries of the Wabash River, the Little Wabash River had the highest
average discharge, the Vermilion had the lowest average water temperature and gauge height, and
the Embarras, although not statistically different from the Little Wabash River, had the highest
average gauge height value. Between the two systems, the two tributaries with the highest stream
order and length of free-flowing water before an impassable structure was the Little Wabash River
and Sangamon River. The Little Wabash River has 224 river miles before a major impoundment
whereas the Embarras River has 120 river miles before an unpassable dam and the Vermilion River
has 28 river miles in total length. The Sangamon River has 130 river miles before a major

impoundment whereas the Mackinaw River has 130 river miles in total length and the Spoon River
has 170 river miles in total length. Although the Sangamon River has a shorter length of freeflowing water than the Spoon River, the stream order is higher because there is more input from
other connecting sources. Therefore, because the Little Wabash River and the Sangamon River are
larger in size and have some of the longer stretches of free-flowing water, I suspect their discharge
levels are elevated because there is more opportunity of outside input contributing to the river in
comparison to the other tributaries. Although all tributaries contributed catostomid larvae, I believe
that the Little Wabash River and Sangamon River are the most productive due to their size, length
of accessible habitat, and high discharge values.
To help future sampling, I wanted to create and compare multiple logistic regression
models to determine which abiotic variables are important for predicting when to collect
catostomid larvae. Combining all three years of abiotic data for each system in relation to the
presence or absence of the larvae, I was able to create two models, one for each system, to
determine which abiotic variables were significant predictors. For the Illinois system, only
discharge and water temperature were significant in the model. Both variables had positive
regression coefficients which indicates that each increase in the variables increases the probability
of sampling a catostomid larvae. For the Wabash system, all variables with the exception of
discharge were significant in the model. The gauge height, conductivity, and CPUE had positive
regression coefficients while water temperature, dissolved oxygen, and pH had negative regression
coefficients. Understanding the schematics between each system is important but this information
needs to be applicable to managers (Olden et al., 2002; Ohlmacher and Davis, 2003). The results
of these models tell us that each system has different variables that should be used for future
targeted sampling of catostomid larvae. In the Illinois model, I found that both increased discharge

and temperatures could be used to target the appropriate time to sample. For the Wabash system,
several variables were included in the model that could be referenced for future sampling;
however, the model would benefit from further sampling to determine if the number of variables
included can be narrowed down.
My study suggests that the Wabash and Illinois River system have unique characteristics
which are consistent over a three-year period. Further investigating the specific tributaries of each
system, we found that each tributary differs in the environment factors and larvae relative
abundance. The two tributaries that consistently collected the most catostomid larvae was the Little
Wabash River, a tributary of the Wabash River, and the Sangamon River, a tributary of the Illinois
River. Therefore, future catostomid larvae sampling should be focused on these two rivers if
wanting to maximize the amount captured. Also using both gear types, drift net and larval push
net, are an effective for sampling catostomid larvae depending on boat accessibility and depth.
Future research should continue to monitor these tributaries to determine if there are similar
patterns of larvae abundance in other fish families.

LITERATURE CITED
Angulo-Valencia, M. A., A. A. Agostinho, H. I. Suzuki, K. D. G da Luz-Agostinho, and C. S.
Agostinho. 2017. Impoundments affect fish reproduction regardless of reproductive
strategy. Lakes and Reservoirs: Research & Management 21(4): 362 -374.
Auer, N. A. 1982. Identification of larval fishes of the Great Lakes Basin with emphasis on the
Lake Michigan Drainage. Great Lakes Fishery Commission, Ann Arbor, Michigan.
Auth, T. D., R. D. Brodeur, H. L. Soulen, L. Cianelli, and W. T. Peterson. 2011. The response
of fish larvae to decadal changes in environmental forcing factors off the Oregon coast.
Fisheries Oceanography 20(4): 314 – 328.
Azmir, I. A., Y. Esa, S. M. N. Amin, I. S.Md Yasin, and F. Z. Md Yusof. 2017. Identification
of larval fish in mangrove areas of Peninsular Malaysia using morphology and DNA
barcoding methods. Journal of Applied Ichthyology 1-9.
Benke, A. C., I. Chaubey, G. Milton Ward, and E. Llyod Dunn. 2000. Flood pulse dynamics
on an unregulated river floodplain in the Southeastern U.S. coastal plain. Ecology 81(10):
2730 – 2741.
Boeing, W. J. and J. T. Duffy-Anderson. 2008. Ichthyoplankton dynamics and biodiversity in
the Gulf of Alaska: responses to environmental changes. Ecological Indicators 8: 292 –
302.
Broadway, K. J., M. Pyron, J. R. Gammon, and B. A. Murry. 2015. Shift in large river fish
assemblage: body-size and trophic stricture dynamics. PLoS One 10(4).

Brown, D. J. and T. G. Coon. 1994. Abundance and assemblage structure of fish larvae in the
Lower Missouri River and its tributaries. Transactions of American Fisheries Society 123:
178 – 732.
Bunn, S. E. and A. H. Arthington. 2002. Basic principles and ecological consequences of altered
flow regimes for aquatic biodiversity. Environmental Management 30(4), 492–507.
Buynak, G. L. and H. W. Mohr. 1978. Larval development of the Northern Hogsucker
(Hypentelium nigricans), from the Susquehanna River. Transactions of the American
Fisheries Society 107: 595 – 599.
Cao, Y., J. Parker, T. Edison, and J. Epifanio. 2019. Sampling the central channel provides
additional information on fish assemblages in a large boatable river in the U.S. Midwest.
Journal of Fish and Wildlife Management 10(2): 432 – 441.
Catalano, M. J., and M. A. Bozek. 2015. Influence of environmental variables on catostomid
spawning phenology in a warm water river. The American Midland Naturalist 172: 1-16.
Chapman, D. C. 2006. Early Development of Four Cyprinids Native to the Yangtze River, China.
U. S. Geological Survey, Reston, Virginia.
Cooke, S. J, C. M. Bunt, S. J. Hamilton, C. A. Jennings, M. P. Pearson, M. S. Cooperman,
and D. F. Markle. 2005. Threats, conservation strategies, and prognosis of suckers
(Catostomidae) in North America: insights from regional case studies of a diverse family
of non-game fishes. Biological Conservation 121; 317 - 331.
Cowx, I. G. and R. L. Welcomme. 1998. Rehabilitation of Rivers for Fish. Food and Agriculture
Organization of the United Nations (FAO), Fishing News Books, Blackwell Science,
Oxford.

Curry, K. D. and A. Spacie. 1984. Differential Use of Stream Habitat by Spawning Catostomids.
The American Midland Naturalist 111(2): 267 – 279.
Da Silva, P. S., M. C. Makrakis, L. E. Miranda, S. Makrakis, L. Assumpcao, S. Paula, J.H.
P. Dias, and H. Marques. 2015. Importance of reservoir tributaries to spawning of
migratory fish in the upper Paraná River. River Research and Applications 31: 313-322.
DeLonay, A. J., R. B. Jacobson, D. M. Papoulias, D. G. Simpkins, M. L. Wildhaber, J. M.
Reuter, T. W. Bonnot, K. A. Chojnacki, C. E. Korschgen, G. E. Mestl, and M. J. Mac.
2009. Ecological requirements, for Pallid Sturgeon reproduction and recruitment in the
lower Missouri River: a research synthesis 2005-08. United States Geological Survey, 106.
Doyle, M. J., S. J. Picquelle, K. L. Mier, M. C. Spillane, and N.C. Bond. 2009. Larval fish
abundance and physical forcing in the Gulf of Alaska, 1981 – 2003. Progress in
Oceanography 80: 163 – 187.
Feng, W., Z. Wu, L. Huang, Y. Ding, and R. Shi. 2018. Larval and juvenile fish assemblage
structure of inshore habitats in the middle reaches of Li River, China: spatial and temporal
patterns in relations to abiotic factors. Russian Journal of Ecology 49 (3): 260 – 267.
Gammon, J. R. 1998. The Wabash River Ecosystem. Indiana University Press, 21-29.
Hahlik, A. M. and W J. Mitsch. 2008. The effect of river pulsing on sedimentation and nutrients
in created riparian wetlands. Journal of Environmental Quality 37: 1634 – 1643.
Harris, P. M. & R. L. Mayden. 2001. Phylogenetic relationships of major clades of Catostomidae
(Teleostei: Cypriniformes) as inferred from mitochondrial SSU and LSU rDNA sequences.
Molecular Phylogenetics and Evolution 20(2): 225 - 237.

Hesse, L. W., G. R. Chaffin, and J, Brabander. 1989. Missouri River mitigation: a system
approach. Fisheries (Bethesda) 14(1): 11 -14.
Humphries, P. and P. S. Lake. 2000. Fish larvae and the management of regulated rivers.
Regulated Rivers Research and Management 16: 421-432.
Illinois Department of Natural Resources. 2015. Checklist of Illinois endangered and threatened
animals

and

plants.

Illinois

Endangered

Species

Protection

Board.

https://www2.illinois.gov/dnr/ESPB/ (accessed 21 July 2020).
Jacquemin, S. J. and J. C. Doll. 2015. Macroecology of North American suckers (Catostomidae):
tests of Bergmann’s and Rapport’s rules. Ecology and Evolution 5(18): 3895 – 3904.
Jolliffe, I.T. 1986/2002. Principal Component Analysis. Second Edition. Springer-Verlag New
York, New York City, New York.
Junk, W. J., P. B. Bayley, and R. E. Sparks. 1989. The flood pulse concept in river-floodplain
systems. Canadian Journal of Fisheries and Aquatic Sciences, 106: 110 – 127.
Kammerer, J. C. 1990. Largest Rivers in the United States. U. S. Geological Survey,
https://pubs.usgs.gov/of/1987/ofr87-242/.
Karr, J. R., L. A. Toth, and D. R. Dudley. 1985. Fish communities of midwestern rivers: a
history of degradation. Bioscience 35: 90 -95.
King, A. J., D. C. Gwinn, Z. Tonkin, J. Mahoney, S. Raymond, and L. Beesley. 2016. Using
abiotic drivers of fish spawning to inform environmental flow management. Journal of
Applied Ecology 53: 34 – 43.
Kneeland, S. C. and J. M. Rhymer. 2007. Determination of fish host use by wild populations of
rare freshwater mussels using a molecular identification key to identify glochidia. Journal
of the North American Benthological Society 27(1): 150 -160.

Koel, T. M. and R. E. Sparks. 2002. Historical patterns of river stage and fish communities as
criteria for operations of dams on the Illinois River. River Research and Applications 18:
3 – 19.
Lechner, A., H. Keckeis, P. Humphries. 2016. Patterns and processes in the drift of early
developmental stages of fish in rivers: a review. Reviews in Fish Biology and Fisheries 26:
471 – 489.
Lian, Y., J. Y. You, R. Sparks, and M. Demissie. 2012. Impact of human activities to hydrologic
alterations on the Illinois River. Journal of Hydrologic Engineering 17: 537 – 546.
Ling, T., C. Soo, J. Liew, L. Nyanti, S. Sim, and J. Grinang. 2017. Influence of rainfall on the
physicochemical characteristics of a tropical river in Sarawak, Malaysia. Polish Journal of
Environmental Studies 26(5): 2053-2065.
McClelland, M. A., G. G. Sass, T. R. Cook, K. S. Irons, N. N. Michaels, T. Matthew O’Hara,
and C. S. Smith. 2012. The long-term Illinois River fish population monitoring program.
Fisheries 37(8): 340 – 350.

Moyle, P. B. .2002. Inland fishes of California. University of California Press, Los Angeles,
California.
Munoz, H., S. Orozco, A. Vera, J. Saurez, E. Garcia, M. Neria, and J. Jimenez. 2015.
Relationship between dissolved oxygen, rainfall and temperature: Zahuapan River,
Tlaxcala, Mexico. Technologia y Ciencias Del Aqua 6(5): 59-74.
Nilsson, C., A. Ekblad, M. Gardfjell, and B. Carlberg. 1991. Long-term effects of river
regulation on river margin vegetation. Journal of Applied Ecology 28: 963 – 987.

Ohlmacher, G. C. and J. C. Davis. 2003. Using multiple logistic regression and GIS technology
to predict landslide hazard in northeast Kansas, USA. Engineering Geology 69: 331 – 343.
Olden, J. D., D. A. Jackson, and P. R. Peres-Neto. 2002. Predictive models of fish species
distributions: a note on proper validation and chance predictions. Transactions of the
American Fisheries Society 131: 329 – 336.
Page, L. M. and B. M. Burr. 2011. Peterson Field Guide to Freshwater Fishes of North America
North of Mexico. Second Edition. Houghton Mifflin Publishing Company, Boston,
Massachusetts.
Page, L. M. and C. E. Johnston. 1990. Spawning in the creek chubsucker, Erimyzon oblongus,
with a review of spawning behavior in suckers (Catostomidae). Environmental Biology
of Fishes 27: 265 – 272.
Pegg M. and M. A. McClelland. 2004. Spatial and temporal patterns in fish communities along
the Illinois River. Ecology of Freshwater Fish 13(2): 125 – 135.
Piller, K. R., H. L. Bart, and J. A. Tipton. 2003. Spawning in Black Buffalo, Ictiobus niger,
(Cypriniformes: Catostomidae). Ichthyological Explorations of Freshwater 14: 145 – 150.
Poff, N. L., D. Allan, M. B. Bain, J. R. Karr, K. L. Prestegaard, B. D. Richter, R. E. Sparks,
and J. C. Stromberg. 1997. The natural flow regime. BioScience, 47(11): 769 – 784.
Pollux, B. J. A., A Korosi, W. C. E. P. Verberk, P. M. J. Pollux, and G. van der Velde. 2006.
Reproduction, growth, and migrations of fishes in a regulated lowland tributary: potential
recruitment to the river Meuse. Hydrobiologia 565: 105 – 120.
Pritchett, J. and M. Pyron. 2012. Fish assemblages respond to habitat and hydrology in the
Wabash River, Indiana. River Research and Applications 28(9): 1501 – 1509.

Pyron, M., T. E. Lauer, and J. R. Gammon. 2006. Stability of the Wabash River fish
assemblages from 1974 to 1998. Freshwater Biology 51(10): 1789 – 1797.
Quist, M.C. and J. R. Spiegel. 2012. Population demographics of catostomids in large river
ecosystems: effects of discharge and temperature on recruitment dynamics and growth.
River Research and Applications 28: 1567 – 1586.
R Core Team. 2019. R: A language and environment for statistical computing. R Foundation
Statistical Computing, Vienna, Austria.
Reid, D. G., T. E. Code, A. C. H. Reid, and S. M. Herrero. 1994. Food habits of the river otter
in boreal ecosystem. Canadian Journal of Zoology 72: 1306 – 1313.
Roth, D. R. 2018. Bigheaded carp reproduction in large river tributaries with evaluation of
sampling gear performance. Unpublished thesis, Eastern Illinois University, Charleston,
Illinois.
Schmitt, C. J., M. L. Wildhaber, J. B. Hunn, T. Nash, M. N. Tieger, and B. L. Steadman.
1993. Biomonitoring of lead-contaminated Missouri streams with an assay for erythrocyte
& aminolevulinic acid dehydratase activity in fish blood. Archives of Environmental
Contamination and Toxicology, 25: 464 – 475.
Shaui, F., X. Li, Y. Li, J. Li, J. Yang, and S. Lek. 2016. Temporal patterns of larval fish
occurrence in a large subtropical river. PLoS ONE 11(1): 1 – 20.
Smith, K. and M. B. Richman. 1993. Recent hydroclimatic fluctuations and their effects on water
resources in Illinois. Climatic Change 24: 249 – 269.
Snorrason, S. S. and S. Skúlason, S. 2004. Adaptive Speciation in Northern Freshwater Fishes,
p. 210-228. In: Adaptive Speciation. U. Dieckmann, M. Doebeli, J. Metz, and D. Tautz
(eds.). Cambridge University Press, Cambridge.

Theiling, C. H. 1995. Habitat rehabilitation on the upper Mississippi River. River Research and
Applications 11(2): 227-238.
Tornabene, B. J., T. W. Smith, A. E. Tews, R. P. Beattie, W. M. Gardner, and L. A. Eby.
2020. Trends in river discharge and water temperature cue spawning movements of Blue
Sucker, Cycleptus elongatus, in an impounded great plains river. Copeia 108(1): 151 – 162.
Wang, J., Y. Sheng, C. J. Gleason, and Y. Wada. 2013. Downstream Yangtze River levels
impacted by Three Gorges Dam. Environmental Research Letters, 8.
Warren, M. L Jr. and B. M. Burr. 2014. Freshwater Fishes of North America: Petromzyontidae
to Catostomidae. John Hopkins University Press, Baltimore, Maryland.
Winemiller, K. O. and K. A. Rose. 1992. Patterns of life history diversification in North
American fishes: implications for population regulation. Canadian Journal of Fisheries and
Aquatic Sciences 49(10): 2196- 2218.
Woodward, G., N. Bonada, L. E. Brown, R. G. Death, I. Durance, C. Gray, S. Hladyz, M. E.
Ledger, A. M. Milner, S. J. Ormerod, R. M. Thompson, and S. Pawar. 2016. The
effects

of

climatic

fluctuations

and

extreme

events

on

ecosystems. Philosophical transactions of the Royal Society B 371:1694.

running

water

TABLES
Table 1: The total amount of catostomid larvae collected, gear types combined, throuhgout 2016
– 2018 sample seasons. The Little Wabash River, Embarras River, and Vermilion River are
tributaries of the Wabash River. The Sangamon River, Spoon River, and Mackinaw River are
tributaries of the Illinois River.
2016
Little Wabash
Embarras
Vermilion
Sangamon
Spoon
Mackinaw

April
1722
19
2
0
0
1

May
320
41
25
43
1
8

June
0
2
29
32
1
1

July
1
0
4
6
5
2

August
0
0
0
0
0
0

September
0
0
0
0
0
0

Total
2071
62
60
81
7
12
2293

2017
Little Wabash
Embarras
Vermilion
Sangamon
Spoon
Mackinaw

April
0
0
0
1
0
0

May
410
21
0
6
0
0

June
1
0
0
1
0
0

July
0
0
1
16
4
2

August
0
0
0
0
0
0

September
0
0
0
0
0
0

Total
411
21
1
24
4
2
463

2018
Little Wabash
Embarras
Vermilion
Sangamon
Spoon
Mackinaw

April
0
0
0
0
0
0

May
32
8
10
1
4
7

June
10
1
22
22
2
4

July
1
8
1
26
5
5

August
0
1
0
1
0
0

September
0
0
0
0
0
0

Total
43
18
33
50
11
16
171

Table 2: The avergae annual CPUE (number of larvae per 100m3 of water filtered ± standard error)
and total number of larvae collected for both drift nets (DN) and larval push nets (LP) for each
tributary in 2016 – 2018 sample years. The Little Wabash River, Embarras River, and Vermilion
River are tributaries of the Wabash River. The Sangamon River, Spoon River, and Mackinaw
River are tributaries of the Illinois River.
CPUE

DN
SE

CPUE

LP
SE

N

N

2016
2017
2018

10.60
6.37
0.86

4.65
3.00
0.16

1378
398
38

31.26
1.01
0.28

9.20
0.43
0.10

693
13
5

2016
2017
2018

0.30
0.19
0.11

0.11
0.13
0.03

41
15
7

1.16
0.50
0.41

0.19
0.17
0.07

21
6
11

2016
2017
2018

0.16
0.03
0.30

0.10
0.01
0.03

28
1
17

1.66
0
1.29

0.36
0
0.35

32
0
16

2016
2017
2018

0.33
0.31
0.29

0.23
0.07
0.07

61
12
20

1.46
1.61
1.08

0.17
0.31
0.15

20
12
30

2016
2017
2018

0.05
0.03
0.14

0.02
0.01
0.03

6
1
7

0.05
0.52
0.23

0.03
0.14
0.07

1
3
4

2016
2017
2018

0.07
0.09
0.18

0.04
0.02
0.06

10
2
10

0.09
0
0.53

0.06
0
0.17

2
0
6

Tributary
Little Wabash

Embarras

Vermilion

Sangamon

Spoon

Mackinaw

Table 3: Multiple analysis of variance (MANOVA) testing the effect abiotic variables on sample
year, tributary and the interaction between sample year and tributary. Included are the univariate
tests of each abiotic parameter showing the effect of year, tributary, and the interaction between
year and system.
Multivariate Test
Year
Tributary
Year X Tributary

df

Wilk’s 

F

P

2
5
10

0.765
0.273
0.819

51.355
109.882
7.304

<0.001
<0.001
<0.001

df

ss

F

P

Univariate Test
Water Temperature
Year
Tributary
Year X Tributary

2
5
10

1788
1847
1258

31.502
13.011
4.341

<0.001
<0.001
<0.001

Dissolved Oxygen
Year
Tributary
Year X Tributary

2
5
10

39.4
1777.7
147.1

4.466
80.707
3.339

0.0116
<0.001
<0.001

Conductivity
Year
Tributary
Year X Tributary

2
5
10

2.291
30.131
2.020

61.450
323.282
10.937

<0.001
<0.001
<0.001

pH
Year
Tributary
Year X Tributary

2
5
10

5.915
69.564
6.162

44.079
207.345
9.183

<0.001
<0.001
<0.001

Discharge
Year
Tributary
Year X Tributary

2
5
10

79.82
31.95
22.24

108.506
17.371
6.045

<0.001
<0.001
<0.001

Gauge Height
Year
Tributary
Year X Tributary

2
5
10

6.957
28.536
1.756

36.540
59.949
1.845

<0.001
<0.001
0.0482

Table 4: The first two principal components explained 67.8% of the variation in the principal
component analysis (PCA). Principal component one (PC1) loaded the variables conductivity, pH,
discharge and gauge height loaded onto its axis while principal component two (PC2) loaded the
variables water temperature and dissolved oxygen onto its axis. Determination of how variables
load onto which axis is determined by the absolute value of the variable.
Component number
Water Temperature
Dissolved Oxygen
Conductivity
pH
Discharge
Gauge Height

1
-0.231
-0.119
-0.507
-0.438
0.471
0.511

2
0.566
-0.695

Cumulative percentage of total variation

0.399

0.678

-0.359
-0.254

Table 5: Coefficients of mutliple logisitic regressions of the probablility of catostomid larvae
presence and abitoic variables. The two models, “Illinois” and “Wabash”, represent 2016 – 2018
sample years and tributuries combined of each respective system. Catch per unit effort (CPUE)
was represented as the average annual number of adult catostomids captured in the main river of
each sysytem. Asterisks represent significant variables in the model.
Variable

Regression
Coefficient

SE

P-value

Exp(B)

95% CI for
exponential B

-3.184
0.0099
-0.132
0.174
0.0790

5.679
0.0017
0.116
0.0302
0.0752

-0.561
<0.0001*
0.256
<0.0001*
0.293

0.0414
1.010
0.876
1.190
1.082

<0.0001 -2719.932
1.007 – 1.014
0.691 – 1.092
1.124 - 1.265
0.931 - 1.251

-0.135
-0.0011
-0.154

0.645
0.0008
0.1254

0.834
0.176
0.214

0.874
0.999
0.856

0.249 – 3.118
0.997 – 1.000
0.674 - 1.096

12.536
0.0018
0.179
-0.178
-0.286

3.379
0.0015
0.0458
0.0328
0.0904

0.00021*
0.238
<0.0001*
<0.0001*
0.0015 *

275423.6
1.002
1.196
0.837
0.751

387.706 - 2.246e+08
0.999 - 1.005
1.091 - 1.307
0.783 – 0.891
0.627 – 0.894

-1.716
0.0069
0.0859

0.432
0.0011
0.0427

<0.0001*
<0.0001*
0.0442*

0.180
1.007
1.090

0.0758 – 0.413
1.005 - 1.009
1.003 - 1.187

Illinois
(Intercept)
Discharge
Gauge Height
Water Temp
Dissolved
Oxygen
pH
Conductivity
CPUE
Wabash
(Intercept)
Discharge
Gauge Height
Water Temp
Dissolved
Oxygen
pH
Conductivity
CPUE

FIGURES

Figure 1: Area map depicting study extent (top center): the tributaries of the Illinois River
(Mackinaw River, Spoon River, and Sangamon River) on the lower left and the tributaries of the
Wabash River (Vermilion River, Embarras Rover, and Little Wabash River) on the lower right.
Sample sites on each tributary indicated by diamond symbol.
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Figure 2: Annual catch per unit effort (CPUE ± SE) of catostomid larvae among drift nets (DN)
and larval push nets (LP) in the tributaries of the Wabash River (Little Wabash River (LW),
Embarras River (EM), and Vermilion River (VE)) and tributaries of the Illinois River (Sangamon
River (SA), Spoon River (SP), and Mackinaw River (MA)) from 2016 - 2018. CPUE was Log10
transformed and calculated as the number of catostomid larvae per 100m3of water filtered.

Figure 3: Annual average water parameters with standard error for the tributaries of the Wabash
River (LW, EM, and VE) and the tributaries of the Illinois River (SA, SP, and MA). Each yearly
average (2016 – 2018) is represented but the Kruskal-Wallis Test is based on the three-year
average. A tributary that is statistically similar to another tributary is represented by matching
alphabetical labels. A tributary that is statistically different from another tributary is represented
by having dissimilar alphabetical labels.
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Figure 4: A series of principal components analyses (PCA) representing changes between two
different systems over three years. The top left graph is a summation of all abiotic variables
collected over three years; water temperature and dissolved oxygen (DO) are loaded onto
principal component one while gauge height, discharge, conductivity and are loaded onto
principal component two. The following three graphs represents each year pulled out from the
overall summarization to display the difference between each sample year. The red data points
represent the tributaries of the Wabash River system while the blue data points represent the
tributaries of the Illinois River system; the ellipses represent 95% confidence interval.

